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STUDY OF UKRTIaLIUM ANIJ HKiai.l.U AB RWITROR MOUEUATDRS 

l.P.ZJior.herua, A, K, KrfiBin, O.l.Rl Iadov, I ,P, andlfcov, V. A.TorRbaziko, 
A.A*Choi'no^nliffv • 

I a trod act; ion 


Bory Ilium and boryilla aro of int'M’enl; in tlin nuclear engineer lug aa coontiuctlon mute- 
riulB oC rnfict'oro of vurloufl lypea duo to their good modorotlve propertloo, weak thortnol aout - 
ron abaorption and faot noiitron multiplication In the reaction no**(n,;'n), Hijufcul proportlea 
of bfu'.ylliiun and berjf'llla dclermlnlng diffunton^ modernllon, acattcrlng and ianltlpl Icot Ion of 
noutrona have been ntudlod Coi; a few yoara In the Kurchatov Inntltuta of Atomic Kuergy (lAK), 
The main reoulto are brlofl.y preuonted In the report. 

In nd llfcion, the feat n(?utron multip] Icat I on data obtoinad from tho analjralu of thn criti- 
cal aRBouibllen In tho luatltute of tinergetjen of Acadeojy of Solonco DS.'tH oro preuented. 


A. STUDY OP HERTIXIIIM AND Bl-HrLhlA AS NBUTRON MODKRATOllS (1) 

I.F.Zhozherun, I.r.Sadikov, V. A,Tfirnbanko,A* A,Chemyoh0v 
(Tho Kurchotov Inotltute of Atomic Rnorgy) 

1. Effect of beryllla microstruc taro oud fcomperaturo on thermal neutron 
ocatterlng oronn-aection 




The mlcrocryaballyno otructure can eoaentially 1 iif luonco on the moderntlvo wad ocott' j lUi*. 
properties of beryllla due to tho effect of size und orlcmtatlon of crystal gralne on thu 
scattering ci'osB-aectlon . It la known that with tho IncrenBlng of tho grain olr.e 
decreaaeo duo to the extinction effect j tholr ndv'intagoous orientation (texture) which con up- 
poor In preaninc or preaaing out of BoO eirticloa can couee the enlsotropy of ♦ To mnko cle- 

ar how much those effects are to be taken Into account whon calculating tho rnactore of 
moderator, tlio total croao-aoction for BeO) was meaeiired with the ohoppur for 

four soraploo with various grain also (see Fig«I)» Sanple I consisted of tho plntoo I.2x7x».*1 ri;i 
produced by prennlng out, sample 2-of the rods ^x4x23 nm produced by proselng, samplo 5 mi ir 
of tho ‘disco 30 nun in diameter, 3 mm thick produced by pressing out and sample 4- of the dlnco 
38 mm in diameter, 3 mm thick produced by cold prosoing. The micros true turo analyaio of tho sa- 
mples, carried out by Yu.G.Dlgoltoov and V.I.Kuohakov, showed tho all snnplco are cionrd pnoked 
crystallite of irregular pol^rliodron form. The grain olzea are shown in Pig.1| the noon aiio was 
determined as a square root of on average area of a grain in a mlcroaectlon photo^ph. In 
different measuremento the sample thlcknoso varied between 3*2 g/oa and 5*6 g/on . 

Under given exporimontal conditlona the energy mao lut lorn wae between 4- end In the 

range 0.03-0.1 ov. To observe the anoootropy of 6^ series of oeaeuromontfl hove been done 
with noaplos I and 2, the neutron beam being fallen both in parallel and normally to tho di- 
rections of pressing or pressing out (Fig. 2). 

It is seen from these figures thar at small energy (0.005-0,2 n™") diffrrenco in 

la for tho oomplea with the grain nltea 8/1, and 2V/1, l It nay cause -iO;S-.-,har,f;o cf tho •.v- 
rage spectrun acatterlne length or tho square dLffuelon length U («■«« Table 1). Ihr ex- 
tinction effeot dooB not practically influence on if tho grain slse 4. >0/1 • ^ 

Tho prosecce of texture in tho hexagonal BoO lattice ooe»e to he obsex.-ed In tea oaet - 
from neutron way. reflection on tho planoe being nornnal or parallel to tho ^-ax,. o. the eye- 
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tal olniiiont.Mrj l-o. Troiti the I’ori.oct lonii In nhiith tin' f I tmI. two liu!ex«u or tliu l/iot ono 

are equal to zero. The on I not, ropy ol* l.!i obcorved r rom the rorioutlon on the jilano (110) 

ab E = 0,012 <iv (in’o inserta on rnaolilnc; of l-lio i'nrtJal or V'* of the luoonurod 

CX'OBS-oectionn. Thu vuluee of the uroofi-noCtlonn nrnl aliow the advantoKOoua orien- 

tation ol* the ci-yafcal r.rwlmi by c-uxin of the a l lunimt'iT-y coll in dlrootlon of i^rernihiK out and 
nonnally to the pronninK (Umctiou, if tiio nnufum bomn In noriunX or pamllel to Iho pr»?noijift 
out or pronairiK iHrnot.lonn, Kor oth*ip r«r f If^ctUnin the i^ilffuronoe in io j and i If It la, 

does not exceed the iiieaHuro'uont; ericrn, Tiinn, tli*? ivrilnotropy of in nmoll nx’.d Itn ijjfluen- 
oo OJI [j^ may be nut’ll ec ted. 

In the ranti;o 1-10 ev wlioro atom blridlTui In the ci'yotal Jattlcp dneii jiot olfuot on ncatte- 
tbc raefxsuLi'od value of io conntnnt 'Mid uqualo '10^1. 1'j bnrn fof nil the .MMtnploo, 

Tho tomperafcuiM) dcpeiulonce of i<’ of Importunco for the unleulatlon of the tomi)orutu- 

re reactivity cooffic 1 ont . In 1-ho in. /inurument. rosultfi of nro ntumn for the neraple 

of advantaf;eouR Kiralii odzuM 10-20^ ab T /'IO; ItK)* '1 Wj In FlR.h thoJ^umpMraturn 

dop»endonce of <^^ (£) for oorao enerj|ion l a pLobtml no well no that; of avornfied 

over bho Maxwellian npectrum (at the nu\il;r"ri t*rnporatiiru 'P^ = T 4 1UU"K) and ohtuinud from 

Pis -3. 

The measurod ronultn rovoo I that with tlio oainplo hoatliir,i 1) Uho I’palMon of hni^.r; m.ulma 
ore shifted towtu'dn less onorKlen in nccor’danou with th<* turaperu turn oxv.nDnluri ; .‘) Lliu voluu 
of t;h 0 maxima docruaoeo; 3) the vuluu of liicmauo^ tho in-nator lb will bo thr. the 

netutvon oaergy E is. At E/O.IS «v >5^ nn.l ((^^|' )' Imvo a ralr.imiua near T'-1V)0*K «hloh 
con bo explained by th« oomiiofcitioii of two pjw,pt!iioai .l..ciniio liiK "f coherent cla'itlc icnl- 
torlns and InorcnoiaR or tho nohoront Inelnstlc. one with Iho teniperaturo Increonii. olnce 'ifj- 
gen und beryl H'lin In BaO ore onlaotroplr. end the lacoli' ient ocottnrliu' in Ho d^poiidliif, on the 
spin Id small, the neHSUxed can ho prnctlcnlly divided only in two tormni the oim.tlr. end 

lijelaatlo coherent scatterltiR crosn-oeotlon, (j! la mainly due to tho latter at E <1 O.on^S <tv. 
The change of with tha tomporaturo In the r»n,;e ;-' 10 -ir,(X»-K can lead to the docroauln,; 

of /j^by about 2055, 

The aample density woo 2.00-2.135 g/cm^, l.c. it wao loos than the ttieorctlcal value 
3.0d g/oB^. Therefore the question nppoarod whether tho ucatterinR in email uiw.lea, cnu.ud hy 
the rofrsstion and the dill ractlon of the neutron wavon at tho beundnrios between nuhatanoe 
and air In the oompla pores, effeotn on the measured . Tho a.l'litlonnl racanuroinenl.. on Ho') 
sample in the fore, of the flne-Erainod dunt ohowed that the ocattorlng In an, all ongloa on. bo 
nof^locted* 





2. Study of thermal noutron cUf fusion in b-ryl Mum und 
berylila 

The diffusion parameters of lie und Bed wore studlod by mcanu el the pulae with the 

limoer accelerator of lAE. The method, .-.a la known, Ic to ..eosure tho dampllng coerflclen 
^ Of the neutron density in the codorntor block with thno and to anolyee consequently tho 
dependence of cC upon tho block geometry poDunoter B i 

‘■T'li' ■(•I'" 

where Is the abeorptlon velocity, D .md 0 are the coofriclonts of dlffu.l.o, ,md dlffu- 

““fiLmST';, ........ )o r'!."”; “ 

a 00 Z H,at- of BaO - 2 r/cin\ The man.-iuromento of 06 for ouch great number of the 

bl!!kB “all^wod to obtain th^ n;o;o ucc.rrate dllluoion puramotera (noo Table II) than those In 

all experimental values of the coffi'-lont D for Bo, ’ 

coincide Within the meaeurement errors, for BoO tho dirforonca ,, 

the error. For the coefficient 0 tho data arc In agreement for BoO but as for 
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no such (igreemen1;« 

Tho study of ths oouso of ths oi])*rlabi'. to 1 dats dlupsrslon for D and o Bho..d rh.t < 4 ^ 
bo S336ntl^ly conneotod .fth tho pooslblo dlfforono. of tho cryotal .truotur. of tb. 
al mdor Investlsntlon. Thus tho oatUmteU oaioulotlono of 0 ui,d 0 for BoO using tho obor. <A 

the addltloi ‘>f tho torn, .Ith U m Kq. I 1» nogllglbl, as It Is soon fro. 

the additional onalyala of moaouremuntn by ciaaiiD of tho oooputor. 

offecr,hi!h m„ar '■‘'® dloporoion of 0 It was Indlcatod on tho noutroa trap 

ct which must roBult In dopondenoe of^ upon tho BOosuromoMt conditions for omai blooka 

(the non ron so^o power tho beolcground lovol etc). Our attempts to detect thl. dopondonc. 

rtimo: -<>- 

Tho value of C moaourod give aomo Information on tho neutron slowlng-down no-u. the ther- 
mal equilibrium indicating tho docrcoss of tho mean logarithmic onorgy loos^ln Be and B.0 
approximately 4-5 time a, » 

5. MoQuiireraunt of modoratlon length In Bo up to 1»4€ iv 
and e\r 


235 s’-owins-down denoity q(r,K.^) was moasurod In ths rectangular prism eoiqonas on, Tho 
0 converter, Irradiated by tho neutron beam of the rssetor tbermal column, uervod os a neut- 
ron Bourcei tho Indium foils In codmlun filtern were used os the noutron detoctoro at 1,<i6 ov» 
the omalJ plutonium chambor In the filter with mixture of oamuxlum and gadolinium oxldee fio] 
was the detector at energy 0.3 ov. The moasirromont results sro proseutod in Klg.y (for In) and 
In Fig , 8 (for Pu chamber) , 

The menouremonta by means of the l-u chamber wore carried out in each point under the lol- 
lowing conditiona* 

1) tlio chamber wus sarroundnd by the filter of 0,125 «/cn^ bm and O.Of r/cn^Gd ClT )i 

2) tho chiunber was siirroundod by tho filter of 0.125 K/om^ Bm, 0.0/1 g/om^ Gd and 0.35g/cm‘" Cd 
^^'amCdCd^* 

5) the chamber without filters (N)* 

Tho noutron flux of 0.^ ev was ohtnLned na r:he dlfforenco of tho firot two meocurompotii 
^0.5 = ”amGd “ ^SiaGdCd* thermal neutron flux H - whore T lo tho 

tranGmiaaion of the reaonanco noutrono by tho filter 8 m 4 fJd, Tho inaccuracy of the value T, de- 
termined from Lho calculation, offocta olightly on ® , alnco N,, N, 

Tj wjiiFid 

The curvon for (Fig, ri) at dintoncoB era from tho aouroe are p/irailol. 

It impliofl fiN”* !it such dlstnncea the (len 3 lty of the aluwing-down ncutrono of 0,3 ev In negli- 
gibly omnll in comparioou with tho denoity of noutrona of tho Bamo energy in tho ostnbliahod 
Maxwellian apeoti'vun. Using tho ratio ~ )''l 0 ^ at fllstonoeo X> 60 cm ono con 

obtain tho alov/ing-dovm donolty ^ from tho total flux • 

From l''igo,7» it is seen that at distances 50 cm from the oourco tho olowlng-dowu 

density io approxlmahod by the expression ^ rWoA? cm^ at E ^ 3 I .46 ev 

and with ^ =91*5 - «-•!) cra^ at - 0,^ ov. At Xy 50 cm the ox^iiw^eoulon 

valid with X = 7.?7~O.10 cm at ov nnd 0,5 ov| this expression presente evident- 

ly th»: density of the first collioiono. Over tho whole region of meoB'rroujante (X^90 cm) tho 
kernel of modorntlon is well approxlmnf.od exproealon (Klg.9) 

2-2 2 

where - GOom , 'i j :l5^>cra , V ^ = 2G5cnj 

- 0.06Gb, P, =; 0.507| - 0.027 at = 1,46 or 

P.| = 0 . 541 , = 0,422, = 0.057 ot S ,^ = 0.3 ov. 
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The oquuro of* modorutlon lon^^th (1/6 of tho inoati oquorc dlnpUoaroont at 
to bo equal to l}j ov) a 92 1 (0,5 ov) » 104,5-2.Ocm^, 


moiloro tlon) pro • 
Tlieljr fUl'foronce 


vod to bo equal to Uj ovj a ^ =» 

LS (*1 *4^ 0«3ov) “ 12.5—2,5 Ott^ oxooodo Up* value calculated by 60% with the ifloumptloti that 

a neutron oollldoa with free atomfl. Thus, In the range 1.46-0. 3 ^ov the atom bond In HoO laUloe 
slgnlfloantly offoote on thn neutron moderation, ''ho vnluo of «▼) la in agroumont with 

the data obtained but It in more uocurato. Thor ^ are no data nvftVlnblo for L ^ (^).3) 


in Utorature. 


Study of Neutron 31owli»g-Dovra in Bo and BoO 


Tho elnwing—doira of noutronn 2 Mev In Ho and BoO wao otudlod on tho liiioar accelerator 
of tho taw by Impuloe method, mooBurlng the trannmloalon for Indium, cadmium and Bomurlum 
flltera (In, Cd, Sm have otrong rooononceo at 1.46 ev, 0.173 «v and 0.0976 ev, respectively) by 
a omall BP,-^ountor. In addition to DP,-countor the detector of 0.) ov noutronn was alno unert, 
Tho detoctLwore placed In moriorator block (He-60^cm^ E3e(>-70.m).75 om^) along tho neutron 

beam axis of the accoleru tor. . 

The moanuroBient reeulta for tho voluo of tho invoroo trimiimii.nlon D hi'"®. "'‘I'h 

lafltad after a neutron tnpuloo moment, aro ohom tu Fie. '0. In tho oomo ri«uro tho doteotor 
countlns rato of 0.3 ev neutrono la given too (l\ -chambur, ohloldoJ by a-oof^d). In ti.ooii moomi- 
romanto tho channel width of tho time miulytor was from ooo to 10 ,U aoo. _ 

From tho cnrrvoo of Fig.lO the maxima aro olonriy aoon. Kor convonl enco, 0 j 1® "®rma- 
licod to mlt. Tho tlmo correopondlng to theo. ma:xlma in obvlouoly a neutron olowlngMlo^, time 
up t,o a given energy, t. . plue tho tlmo of fllgl-t from tho point of tho loot col Union up to 
tho neutron absorption L dotootor-t^ ( 1,(0 + f) /iT v la the noulron velocity, d 

IB the moon detector dimension (taking into account tho dotoofcor hole). 

in Table III tho values t^ aro given. Tho erroro rouult from the uncertainty of .ho pon - 
tion of tho maximum, the former in oonnoebed with the channel 'maly.er width end with Ue U.a- 
oouracy of the caioulatlon of t^ . The comparloon of those va.uee '..r 

nad for 1 :ho Qoutren .gcafctorlng by fino atomo nhowo that tho cryotlcal bin jjig n 
of Importonco fox* the olowing-<iown ulroady- in 1,46-0.3 rungo, j 

Measnrln,; with lii-chomher (Flg.l'O made possible to derive another important sleelng^o 
oharaoterletic-tlme-onorgy distribution of moderating neutrons of 0.3 ov nnd to comp-uo 
with tho theoretical ona f j * 

Bo(u.i > IS Voinson prohabiiity of apponronco of 
appoarence at any moment Is ®.uaUy prohahle er,d^e.uai t^^ 

p- are ^ [ircr/wUh Z- V, Tor' Bo and 18 for BoO.rospectivoly.Tbo di e • cepanoy of 

“ ».f «. "V<“i "“-"/T"" “■ '■ 

using tho relations !'-/ »' ),/ / ' ^ ^ 1 ; > ^ <> ’ ^ , . . „„ 

^ . r 'Pnhl^ II]) i'^’i* purpose tb« .Iinperolon a/- y /. i 

of the .mmmum C-soc Pable 111 ). 1 - „^,„onted with energy range of douctor sen- 

(?,9 IjL hoc for Be wid 4.^ /t- bcc i • -j t n-pt* 17 5 i< I 3 e<' He end 

llUv^ty [loj . la 1.0 1,0 suhstr..,cted from t,^^As^s , ulh wo get U.3 1 sc. 

? 8 ;i sec for lleO. and ,„o„su.rem.M>t of the Irens, nlssion 

Tho. neutron i.iiovn np;-<lown b-iow M 
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of boron flltora of 0*012 g/om and 0,025 g/cn wl(;b I/f-dotoctor, the detocfcora and flltara 

being pluood outnido tho block: (o«o Klg.lii)* to oollloiutor I only bhoao noutrona may bo 

detected which wore directed to a block nun tco ni+do > 00*. It fllnpllflod olf;iiiricant~ 

ly tho calculation of the filter treuiaalmilori <1 (l) vo tho neutron torapuratur# T. It waa uoad 

bhon for deriving; tho tonporature of cio<iordtv.\ y:;outi. vuiu at the tnoaont t fron the tranomlsuloQ 

valuoo measured with tho aooiuiiptjon of Maxwell ?.huv dlotrlbution (oue and 14, whore T 

la tho o^uillbrium toniporaturo at t - In vji^j taXoulationn of (I ( f) either theoretical 

rosulto for <5^^ (K) 1 q jjo and »oO [ 14 J wore xacod or tho experimental data obtaLned In fijJ 

for^^ In Bo and our data for In BeO with tJuo Kraln alia Qjl* The full and dotted llnaa 

In Fig , 15 o»b corrcopond to thooo two wayo of c«lculutlon of H (t). It is aeon froa theae 

fl^oB tliat below 0*7-0*5 ov T(t) tondo to To oxpouontlfllly , the relaxation tine 7’’^ bela^ 

practically l)t*dopondont of neither the filter tlilokneoB nor tho way of oaloulatlon fl^fJ.Beal- 

deo tho data In Fig, I 5 and 14 tho valuoo 7 '" * for beryllium blocko of 50^ 0 *^ and for bo-* 

5 5 I 

ryllla blocks of 60'^om^ woro moaourod* After oorrootlng for finite block alteo, tho thermall- 
eatlon time 105-20 >l 000 for Bo end t 204^20^800 for DoO, op a rooult, waa obtai- 

ned. 

Tlio meuoxiremQnta of and porforaed,, glvo tho poeoibillty for derlrlng the value ^ 
and Dakins t:ho following oonolusiono* The neutron olowing-down to 1,46 ov in Be and BeO la ’ 
duo to collisions with free atoms and lasts leua than 10^ 000 , In tho reinge 1,46-0,3 ov* a 
Orystal binding effect reduced ^ to 0,193^.02 In Bo and to 0, 109^.01 2 In BeOj t^ in thia 
range is 1*5-2 more than t^ to 1,46 ov* In tho r-ange O. 3 Ay 0.5 ev, below which tho opoctrun 
approximating that of Ujixwoillan in ostabllshod , 0*049A)*C>05 and ^ 5 * 0 " 0«0^7^*CK)5 ^ 

io 6-7 more than t^ to 1,46 ov* At E ^ (Q*05— Oi025 ev) tho moderation la very alow, on an 
average, up to 185^ soo^ in Ho ohd up to 204^ eoo in BoO, Tho moan logarithnilo energy loaa 
• In this reuago for tho whole neutron apootrum lo dependent on tho energy and dotf<nained by the 
thermalization timoi 

f^-rV-VlT" -g. -g; . 

where B ^ and arc tho equilibrium energy and vslocity* 

Tho onergy-timo distribution of neutrons In. tho range to «^EJSt0*05 ev can be obtained 
from formula (4) by subatltutiag tho given valu<»o The oomo values wore used for coicilotl- 
on of tho alowing-down area below 1*46 ov (see TuMo ly). 

Tho value (0,3 ov) for BeO io in a food agrooment with tho dlroot oaosurement data 

(see |3)« 



5 , Multiplication of Ploolon Woutrono in Bo and BoO 
in Be^ (n, 2a) Roaction 

Tho moderatoro containing Ho give an additional neutron multlpllcatloa In reactora con- 
aooted with tho difference df contributlona of Cn»2n) and (n, *6 ) react iona, Ae tho calcula- 
tion of the coefficient of this multiplication pooooood a largo uncertedJilty[l7l we neatured 
K g for Be In sphericol geometry experiment. Trio experlaent conslated in aoasurosaat of la- 
teral neutron finsion oourco pov/or N (fission converter of on the reactor beam), being 

ahielded by a spherical layer of beryllium or graphite of various thlckaeao (graphite wae 
neoeooary for excluding the variation of the sonsltlvity of the detector ("cllwave” BF^-^oun- 
tor) with neutron energy). The presence of a hoXe in a beryllixna and graphite ophvree for 
tronorai mission of reactor neutron beam into convertor caused tho anisotropy of flsalon eouroe 
lod to determining tho source poifcor N as a result of Integrating tho counting rate, mea- 
flUrlDg on a horisontal plane at different angloo to the beam axis. For reducing thl» ani- 
sotropy and excluding the corrections for 0 finJLto diotonco from the source to the detector, 
the spheres Investigated wore surrounded by a ap>horlcal wood layer H oa thick. 

In Pig. 16 the moaaureiaonb results are shown of find Hgg vs the mean neuron ener^ loaa 
when neutrons paanod tho graphiti; end beryllium layers and also ^ 

362 ^V - 5 - 
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SlvKD. a'ho voluo wan oaloulatoa with tlic crfact: of uoutron "antojiBllng" In olortlo and 
InolBBtlc oolllalons nitl) Bo (uiO C, nnrt it o^. ituinn oomo ui.cortnlulty which In howover of no 
importance for Kg. (see FiB.1'/). «UJ-vo ? of ng.l'/ glvoo tho more prot.oble nm of £j„va a 


layer Ihloknooe. At 12-15 S/to^ Be ohvalnrt tho maxtimu, value I.IO-O.OI5. Uolng thla 

value tho multlplloatlon coofflclont of flan' on neutronn woe caloulutoa In KoO too. It wne 
.anumod that 4^1- where a., and are tho flooUm neutron colUoion done 


HSBUmod ‘bhB't/ ^ i - — n ^ ^ <7et' V/ \ 

with beryllium etoioi at pA'cron nlowing-down In Bo and BoO bolow tho thro.hold of Be (n, 2n), 
DoV,'^) "hi 0'®(n,g) roactlonu. Tlilo «oo>uD,.tion la approximately true, an at B> a Hev 


find ri. arc tho floaJon neutron oolLioion donolty 


(o Xn, nearly conotont, and nt Y. • 

reoult, 4^ *“® obtolnod. Ilonco 


Mov tho oolllfllon donaltioB In Be ond BoO are olallwr. 
- Honco 1,0d^).025. 


B. CON’rUIUU’nON op KA3T Pd-’PKOTB ON Be TO THE UUI/riPLICATIOIf 
COEPPIBIEN’r OP BERTLIJUM AoOEt.mijIEB 
A, R. Krasin, Q.I.PUndov, 

Tho Inntltuto of Fluor^e Lira of Acedony of Bclonoeo 


It 18 Of intereat to take into account the effect of (n,2n) ond reactions on Be 

on critloal mnaaoa and alzee of phyelcnl borylUum aooombUos ond to eeparat. the contribution 

.... » (..a,. 

- 

evfjlufitod neutron C - /) 4. 4 4 -k ♦.h« data F 26 1 and with thoore- 

K = 1.087 wore obtained, which axe In a good agreement with the data i .6J and 

trial eatlmatlona [ 27..^o] . coefflolente. critical maao.a and critical dl- 

vath theoe conutanto the multlpllu calculated In nultl-groop dlffualon 
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i 


Valus of ^ ^ ^ aver'tf;o(l ovor th« 

Uaxwolllon spcctrua at the otjutron tomperntara T = 390*K 


__ Praia aizon^jL 

advtmta- average 
geouB 


I barn 






Slowing-down time (in^ aoc) of 2 Mov 
neutrona to v/irloua onorgleB 


SI owing-down 
energy, eV 


cnlculation 


In Po 

oxporiroonfc 



1,46 (In) 

7.2 

7.5-1 

9.5 


0.3 (Pu) 

15.7 

17.5-1 

19.2 

— - 

0.178 (Cd) 

20.^1 

not} 

26.3 


0.0976 (Sm) 

27.6 

75^5 

3A.8 


362<^ 


- 8 - 
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CBloulatlon 
t r0.17 6 
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N 


aiowlng^oTO ^ or neutron. 

«P WO 1,46 0 v In Do and BoO 


■‘^nnrgy range 

2 UeV - 1.46 0? 

2 UeV - 0,3 oV 
2 MoV ^ 0,178 eV 
2 IdoV - 0,13 eV 
2 UeV - 0.0976 oV 
2 Met - C0.07-0.045)eV 
(0, 07-0,045) - 0,0^5 eV 


—4 

7.5-1 

17.5^1 

40-3 

56l4*) 

75-5 

155 

105i20 


it 2 

85.8^16 

91.5-2,4 

98.9-26 

103,4l2.7 

107.5-2.9 


In BqQ 



9.5-1 

27-? 

51-3 

69^-) 

65-^ 

160 

204^5 


— 

92^1.5 

I05.4li,9 

112.1-2,1 

117.7-2.4 

122.5-2,9 


•) It la calculated using the obtained values of V 1 ; 
the energy range 0,3 . 0.0976 ev. ^ 


Assrnably 


€ 4b 
5a 


Calctilation results of critical sizes. 

critical maofjoo ond fast affact on Bo 


1.0301 

0.9286 

1.0341 

0,9344 

1.0241 

0.9270 



4« 

1.0396 

28.9 

51.5 

2.78 

3.51 

0,0949 


4b 

0.9447 

56.5 




4> 

5a 

1.Cyi31 

25.8 

20.4 

2.79 

3.36 

0.0928 

S 

5b 

0.9503 

52.5 




9 

rH 

6a 

1.0420 

25.9 

26,2 

2.85 

3.42 

0,0912 

O 

6b 

0.9508 

50.0 
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2 3 ^ 5 S? 39 W^ 2 3 <t 5 S? 39 W-’ Z i . . - ' ” f V/ 

PiS.1. Total cross section for the BeO samples of various 

crystal grain sizes; sample 1 (o): grain sizes = ^25^ , avo- 
raee size = 8 M' , advantageous sizes - 10-15>^ ? 2tv ^ 

sizes = 9-60 average one = 29^ , ’ 

^ r« ■): sizes = 5-57 , average one = 15 A * advantaosous 
ones = 10-20 >o ; 4 (x): sizes are large than ones of I and 
are less thian ones of 5, average size = 14y/^ . 


I M,,|| 

J ^ 5 S 7 t'Sfl)^ 


Z J + 5 6 7 S^f 7 ' 
f,-v 




' ■ i>. I ‘ I" ; ; . K I 

• • » ■ ■ ‘K ■ •' ! 

*'^><7 i 

- ■ r ■ ‘ : 

• ;^vn. .j./" ‘ 


-'-Vf r- 'i ‘i r > i i - i " 

J 0 ° 10 ' 36 




m 


Pi e 2 Total cross section for samples I and 2 produced by 

rni and uressinK (b). The incident neutron beam is 
extrusion (a) ^d p J direction of extrusion and of 

L7 The oL-tS cross sections for the reflection 
Ske (liofcsee ?he inse‘rt) differ by 20-2^ The 
Llid line representsthe value of (^s calculated with the 
assumption oi aosence of the extinction and the acco\int of 
only elastic scattering. 
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Fig. 3. Total cross section <S^ for BeO at various 

temperatures 


• 



/ 


fO? tccc '5a?w 


cross section for BeO vs temperature. and 

averaged over the Maxwellian spectrum for neut- 
ron temperature T = T 100-K. 


36 2 
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Q60 a*0 iOO <4V /«* IJO 1*0 rO'' 


FiS»5» Damping coefficient; oC vs a for Be (a) and BeO(b). 
The dots are the measurement results, the solid line 
corresponds to parabola (see Eq*(1) and Table II). 





ew 800 960 H20 1280 *600 ^760 1920 2080 22^0 >vct* 


P±g#6« Neutron density damping in Be block of 20^cm^# 

i ,2,5 are various powers of a neutron source; 4— with 
■the large background level© The dotted line represents 
■the background plus the effect, the solid lines ax-e oh 
■Gained after the substraction of the backgrounvi. 

3 £ 2 
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Fig, 7. Moderation density at E = 1.46 eV for BeO in various 

coordiiiates 


M yOmt 


Fig, 8, Measurement results with Pu-chamber;(1) flux of 0.5 ev 
neutrons ^tt.% (2) contribution of higher resonances | 

(5j ■thermal ueuhi^oB fliox (J) ; nioderal/ioii density n at: 
E = 0.5 ev, I - relative u£it, il-g, cm 
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Coaparlson of the slowing- 
doan densities at 0,3 evCo) and 
1,46 ev(*),The solid and dotted 
lines correspond the synthetic 
nuclei of type (2) at B =0,5 ev 
and 1,46 ev. 


Fig, 10, Measurenent results of the 
slowing-domi time, 1,2 axe the de- 
tector counting rates H(t) of 0,3e‘V‘ 
neutrons in blocks of Be and BeO, 
respectively; the inverse transmis- 
sion of Cd(3,4),SB (5,6) and 

In(7,8) filters in Be and BeO, 





Pig.l'l, SzpeiiBental energy-time 
distribuixon of slowing-domn neut- 
rons at E =0,3 ev in comparison 
with hhe theoretical one, -ex- 
periment for Be and BeO, The solid 
and dotted lines correspond to Pois- 


son di-Strlbntlon ; Ki 


Be ^ 






Fig.12,S]qperimental arrangement 
for studying of transmission thro- 
ugh boron, 1 -neutron collimator 
with Cd and ByC; 2,3— filters; 4- 
aoderator block; 5-colliBator sup- 
port; 6-colliiaator holes; 7—^-x- 
counter; 8-shield of counters. 


■zlC\. 


- 14 - 





PiS.13« Traas^ssicm of boron filters for the Be block 

I-filter 0.012 g/cmS. 2-filter 0.023 g/cn2 
^ -various measurement series. 



Fig.14.Tran5nil3Sion of boron fil- 
ters for BeO block 70x80x75 cm3, 
I-transBission; Il-Jn sec. 
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•fr s*o BOO fito *eo ate^ctf 


flfcT •l^: 


Neutron taapercitures in 

B^a) and BeO(b) vs sloolne-dom 
tiue (obtained from plats of 
FiS.15 and 14). 


I 




TD/tiL,L»: L-oz-f :xr 


7,5 


Pig.16.I r.tegral counting rate N vs — 
the average neutron energj loss Ac: 
1 - 3e Isiyer; 2 - grapMte layer; 

5 - ^rN^(l£VNctaE)i » - %e 

with correction of hole effect in 
spheres for the transmission of 
neutron beam 


Fig, 17* Effect Ox JE calculation 

inaccuracy upon The calcu- 

lation variants; 1-with utiliza- 
tion of cross-sections on 15% as 
large in comparison with the 
data [15]; 2 - with utilization 
of cros-sections 5 - Egg 

with the account of neutron ab- 
sorption in a wood sphere ; 

4 - with an assumption that^x,=<b^ 
1 - Beryllium layer thickness^ 
S/cm^ 
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